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Abstract
Introduction:  In  order  to  better  understand  the  pathophysiology  of  rhinosinusitis,  several
attempts  have  been  made  to  create  the  disease  in  an  animal  model.  Among  the  studied  rodents
each has  its  advantages  and  disadvantages.  Rabbits  are  considered  more  appropriate  for  studies
that require  surgical  manipulation  or  invasive  procedures.
Objectives:  To  evaluate  the  most  viable  experimental  model  of  rhinosinusitis  in  rabbits  to  be
adopted in  future  studies.
Methods:  An  electronic  search  for  studies  with  experimental  models  of  rhinosinusitis  in  rabbits
published  in  English  and  Portuguese  between  July  of  1967  and  January  of  2013  was  conducted  in
Medline, Pub  Med,  Cochrane,  and  CAPES  databases,  using  the  keywords  ‘‘sinusitis’’,  ‘‘rabbits’’,
and ‘‘polyps’’.
Results:  A  total  of  256  studies  were  retrieved,  but  in  accordance  with  the  inclusion  and  exclu-
sion criteria,  only  ten  studies  were  selected.  Many  different  methods  of  response  assessment
were used  in  these  studies.
Conclusion:  To  date,  there  is  no  ideal  experimental  model  for  induction  of  acute  or  chronic
rhinosinusitis  in  rabbits,  but  the  rhinogenic  model  appears  to  be  the  most  viable  option  for  the
continuity  of  studies  of  the  disease.
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PALAVRAS-CHAVE
Sinusite;
Coelhos;
Pólipos
Revisão  dos  modelos  experimentais:  sinusite  em  coelhos
Resumo
Introduc¸ão:  Como  forma  de  tornar  possível  o  entendimento  da  ﬁsiopatologia  da  rinossinusite  é
fundamental  a  transposic¸ão  da  doenc¸a  em  animais.  Os  coelhos  são,  dentre  os  roedores  estu-
dados, os  animais  considerados  mais  adequados  para  o  estudo  que  exija  manipulac¸ão  cirúrgica
ou procedimentos  invasivos.  Cada  modelo  experimental  tem  seus  pontos  favoráveis  e  desfa-
voráveis.
Objetivo: Avaliar,  em  coelhos,  o  modelo  experimental  de  rinossinusite  mais  viável  a  ser  adotado
em estudos  futuros.
Método:  Foi  realizada  busca  eletrônica  de  estudos  com  modelos  experimentais  de  rinossinusite
em coelhos  usando  as  palavras-chave  (sinusite/coelhos/pólipos)  em  inglês  e  português  nas  prin-
cipais bases  de  dados  eletrônicas:  Medline,  PubMed,  Cochrane  e  CAPES,  publicados  no  período
de julho  de  1967  a  janeiro  de  2013.
Resultados:  Foram  encontrados  256  artigos,  mas  de  acordo  com  os  critérios  de  inclusão  e
exclusão apenas  10  foram  selecionados.  Muitos  métodos  distintos  de  avaliac¸ão  de  resposta
foram utilizados  nesses  estudos.
Conclusão:  Não  existe,  até  o  momento,  um  modelo  experimental  ideal  para  a  induc¸ão  de  rinoss-
inusite aguda  ou  crônica  em  coelhos,  porém  o  modelo  rinogênico  parece  ser  a  proposta  mais
viável para  a  continuidade  dos  estudos  sobre  a  doenc¸a.
© 2014  Associac¸ão  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado  por
Elsevier Editora  Ltda.  Todos  os  direitos  reservados.
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hronic  rhinosinusitis  (CRS)  is  one  of  the  most  common
ealth  problems  in  the  world,  with  signiﬁcant  medical
osts.  According  to  Bhattacharyya,  the  cost  of  CRS/year  per
atient  is  around  $1539  US,  accounting  for  4.8  days  of  absen-
eeism.  In  the  United  States,  approximately  135  of  every
000  people,  or  31  million  individuals,  are  affected  each
ear,  with  a  total  cost  of  $6  billion.1--3
The  pathophysiology  of  CRS  remains  unclear  to  date,  and
he  most  accepted  hypothesis  is  of  a  multifactorial  chronic
nﬂammatory  disease,  with  probable  genetic  predisposition.
ome  related  factors  include:  bioﬁlms,  osteitis,  allergies,
mmune  disorders,  intrinsic  upper  airway  factors,  superanti-
ens  of  Staphylococcus  aureus,  fungal  colonization-induced
osinophilic  inﬂammation,  and  metabolic  disorders,  such  as
ypersensitivity  to  acetylsalicylic  acid.3 It  is  believed  that
everal  inﬂammatory  patterns  are  involved,  some  of  which
an  unfavorably  inﬂuence  postoperative  prognosis.3,4
In  order  to  better  understand  the  pathophysiology  of
cute  and  chronic  rhinosinusitis,  several  attempts  to  cre-
te  rhinosinusitis  in  animal  models  have  been  reported  in
he  literature.  Studies  with  rodents  are  the  most  frequent;
he  pathophysiology  in  these  animals  may  be  similar  since
oth  their  anatomy  and  nasal  physiology  resemble  that  seen
n  humans.5
Among  the  studied  rodents,  rabbits,  guinea  pigs,  and
lbino  Wistar  and  Sprague-Dawley  rats  are  the  most  fre-
uent;  the  ﬁrst  is  considered  more  suitable  for  studies
nvolving  surgery  or  other  invasive  procedures.5
Studies  to  induce  an  experimental  model  of  CRS  suggest
aneuvers  such  as  obliteration  of  nasal  fossa  and  drainage
f  sinus  ostia,  instillation  of  inﬂammatory  process  mediators
o
n
T
wnto  the  paranasal  sinuses,  and  placement  of  materials  that
ct  as  a  culture  medium  in  the  nasal  passages.6,7 In  addi-
ion  to  these  aseptic  methods,  there  are  studies  that  use
n  vivo  inoculation  of  infectious  fungal,  bacterial,  and  viral
gents.6,7
Each  model  has  its  favorable  and  unfavorable  aspects.
owever,  there  is  no  consensus  on  what  would  be  the  ideal
odel  to  use  in  experimental  studies.
This  study  aimed  to  identify  the  most  viable  experi-
ental  model  of  induced  rhinosinusitis  in  rabbits  to  be
ecommended  for  future  research  on  acute  and  chronic  rhi-
osinusitis.
aterials and methods
thical  considerations
his  study  was  approved  by  the  Ethics  Committee  on  Animal
xperimentation,  Protocol  No.  132/2010.
iterature  search
n  electronic  search  was  conducted  in  major  electronic
atabases  (PubMed,  Bireme,  Cochrane,  and  CAPES)  aiming
o  retrieve  studies  published  from  July  of  1967  to  January
f  2013  in  English  and  Portuguese  with  experimental  models
f  induced  acute  and  chronic  rhinosinusitis,  using  a  combi-
ation  of  keywords  (‘‘sinusitis’’,  ‘‘rabbits’’,  and  ‘‘polyps’’).
he  references  cited  in  the  selected  studies,  prior  to  1967,
ere  analyzed  through  active  manual  search.
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Studies retrieved at electronic
database search
256
246
10
Inclusion criteria
Exclusion criteria
Excluded studies
Selected studies
Table  1  Incidence  of  rhinosinusitis  in  the  groups  of  the
study by  Hilding  (1941).
Group  I:  widening  of  natural  ostium  3  RS  (+)/0  RS  (−)
Group  II:  window  in  the  medial  sinus
ﬂoor
2 RS  (+)/1  RS  (−)
Group  III:  medial  and  upper  window  0  RS  (+)/3  RS  (−)
Group  IV:  window  in  the  anterior
recess
0 RS  (+)/3  RS  (−)
Control  0  RS  (+)/6  RS  (−)
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present  in  all  samples  that  underwent  sinus  occlusion,  but
in  none  without  the  occlusion.  Therefore,  the  association
Table  2  Incidence  of  rhinosinusites  in  the  groups  of  the
study by  Maeyama  (1981).
Group  I:  albumin  +  Staphyloccocus RS  (+)Figure  1  Flow  chart  of  study  selection.
Study  selection
Prospective  studies  that  included  some  experimental  model
for  induction  of  acute  or  chronic  rhinosinusitis  with  original
methodology  published  in  English  and/or  Portuguese  were
included.  Publications  in  languages  other  than  English  or
Portuguese  were  excluded.  Studies  with  repeated  method-
ologies  in  other  publications  were  also  excluded.  A  total
of  256  articles  were  retrieved  in  the  Medline/PudMed
databases,  and  two  were  retrieved  in  the  Lilacs  database;
according  to  the  inclusion  and  exclusion  criteria,  ten  studies
were  selected  (Fig.  1).
Data  collection
Materials  and  methods  used  in  the  induction  of  rhinosinusitis
and  the  assessment  of  the  response,  as  well  as  results,  were
analyzed  and  are  shown  below.
The  selected  studies  assessed  the  response  to  several
stimuli  in  the  development  of  acute  and  chronic  rhinosinusi-
tis.  Since  the  period  during  which  the  studies  were  published
was  long  (1941--2010),  many  different  methods  for  response
assessment  were  found,  including  the  macroscopic  obser-
vation  of  the  presence  of  secretions  and/or  inﬂammation,
histological  and  microbiological  analysis,  analysis  of  blood
ﬂow  in  the  tissue,  and  more  modern  techniques,  such  as
optical  and  electron  microscopy  and  endoscopy.  The  time
period  of  evaluation  before  the  development  of  signs  of  rhi-
nosinusitis  [RS  (+)  or  absence  of  signs  RS  (−)]  ranged  from
ﬁve  days  to  16  weeks.
Results
Hilding8 studied  four  groups,  with  three  subjects  each,  and
a  control  group,  with  six  subjects.  Group  I  was  submitted
to  enlargement  of  the  natural  ostium  in  the  maxillary  sinus.
In  Group  II,  a  window  was  created  in  the  medial  ﬂoor  of
the  sinus;  in  Group  III,  a  medial  and  upper  window;  and  in
Group  IV,  a  window  was  created  in  the  anterior  recess  of  the
maxillary  sinus  (Table  1).
Macroscopic  parameters,  such  as  patency  of  the  cre-
ated  ostium  and  presence  of  secretion  were  analyzed.RS, rhinosinusitis.
hrough  dissection,  they  sought  to  identify  signs  of  mucosal
nﬂammation  and  bone  thickening.  The  windows  created  by
nlargement  of  the  natural  ostium  and  near  the  sinus  ﬂoor
howed  more  signiﬁcant  inﬂammation  than  those  created  in
he  anterior  and  upper  portions.
Maeyama9 evaluated  two  groups,  both  with  38  sub-
ects.  Group  I  received  intradermal  albumin  and  albumin
ith  Staphylococcus  aureus  in  the  maxillary  sinus.  Group  II
eceived  the  same  combination  of  Group  I,  but  with  the  addi-
ion  of  proteolytic  enzyme  in  the  maxillary  sinus  (Table  2).
In  this  report,  macroscopic  analysis  was  conducted  after
wo  weeks  and,  with  the  aid  of  optical  microscopy,  the  pres-
nce  of  eosinophilic  inﬁltration,  goblet  cells,  and  overall
egree  of  epithelial  degeneration  were  also  assessed.  Elec-
ron  microscopy  was  used  to  analyze  the  degeneration  of
he  ciliary  layer.
According  to  the  assessed  parameters,  there  were  signs
f  acute  disease  in  the  maxillary  sinus  samples  from  Group
,  but  the  administration  of  proteolytic  enzyme  in  Group  II
ecreased  macroscopic  and  cellular  damage,  suggesting  that
he  greater  the  amount  of  proteolytic  enzymes,  the  greater
he  damage  reduction.
Drettner  et  al.10 analyzed  the  association  between  bac-
erial  inoculation  and  occlusion  of  the  natural  ostium  in  the
axillary  sinuses  in  four  distinct  groups.  Group  I (n  =  17)
eceived  type  3  Pneumococcus  and  subsequently  under-
ent  maxillary  sinus  occlusion.  Group  II  (n  =  10)  received
ype  3  Pneumococcus  and  Pseudomonas  aeruginosa, and,
ubsequently,  underwent  maxillary  sinus  occlusion.  Group
II  (n  =  12)  received  type  3  Pneumococcus, without  sinus
cclusion,  and  Group  IV  (n  =  25)  underwent  isolated  sinus
cclusion  (Table  3).
Macroscopic  appearance,  histology,  and  blood  ﬂow  were
valuated  ﬁve  days  after  the  initial  procedures.  Bacteria
ere  found  in  all  groups,  even  in  Group  IV,  which  was
ot  inoculated  with  bacteria.  Signs  of  sinus  pathology  wereaureus
Group II:  albumin  +  Staphyloccocus
aureus  +  proteolytic  enzyme
RS  (−)
RS, rhinosinusitis.
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Table  3  Incidence  of  rhinosinusitis  in  the  groups  of  the
study  by  Drettner  et  al.  (1987).
Group  I:  pneumococcus  type  3  and
occlusion  of  maxillary  sinus
RS  (+)
Group  II:  pneumococcus  type  3,
Pseudomonas  aeruginosa  and  sinus
occlusion
RS  (+)
Group  III:  pneumococcus  type  3
without  sinus  occlusion
RS  (−)
Group  IV:  isolated  occlusion  of  the
maxillary  sinus
RS  (+)
RS, rhinosinusitis.
Table  4  Incidence  of  rhinosinusitis  in  the  groups  of  the
study  by  Marks  (1997).
Group  I:  polyvinyl  sponge  +  S.  pneumoniae 83%  RS  (+)
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Table  6  Incidence  of  rhinosinusitis  in  the  groups  of  the
study by  Dufour  et  al.  (2005).
Group  I:  A.  fumigatus  RS  (−)
Group  II:  A.  fumigates  +  mucosal  lesion  RS  (+)  20%
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Xomed)  in  one  of  the  nasal  cavities  of  two  groups  of
rabbits  for  a period  of  two  weeks.  In  Group  I,  Merocel®
was  introduced  into  one  of  the  nasal  cavities;  the  oppositeGroup  II:  control  (no  sponge)  RS  (−)
RS, rhinosinusitis.
f  inﬂammation  with  procedures  that  occluded  the  sinus
stium  was  higher  than  that  of  the  non-occlusion  procedure.
Hinnie  et  al.11 performed  early  assessment  of  the  max-
llary  sinus  after  natural  ostium  occlusion.  They  compared
he  inoculation  of  bacteria  and  isotonic  saline  solution  into
he  maxillary  sinus.  They  used  four  groups  with  ﬁve  subjects
ach.  Group  I  was  submitted  to  the  introduction  of  iso-
onic  saline  prior  to  sinus  occlusion,  Group  II  was  inoculated
ith  Streptococcus  pneumoniae, Group  III  with  Haemophilus
nﬂuenzae, and  Group  IV  with  P.  aeruginosa.
Using  electron  microscopy  they  analyzed  ciliary  motion
nd  hair  cell  destruction.  Saline  solution,  even  when  associ-
ted  with  sinus  occlusion,  did  not  induce  functional  loss  of
iliary  motion  or  tissue  injury  as  did  the  samples  inoculated
ith  bacteria.
Marks12 introduced  a  polyvinyl  sponge  impregnated  with
athogenic  bacteria  (S.  pneumoniae) in  the  nasal  cavity  of
abbits;  a  combination  of  macroscopic  and  bacteriological
nalysis  was  performed  one  to  ten  weeks  after  this  proce-
ure.  Signs  of  inﬂammation  in  sinusal  mucosa  were  found  in
3%  of  histological  samples  and  in  over  50%  of  the  cases,
acteria  were  identiﬁed  after  one  week.  The  inﬂamma-
ory  response  was  greater  in  the  ﬁrst  two  weeks  of  the
xperiment,  and  the  control  group  showed  no  signiﬁcant
lterations  (Table  4).
Cetin  et  al.13 also  used  a  model  of  polyvinyl  introduction
n  the  nasal  cavity  of  rabbits,  and  employed  ﬁve-inch  long
atheters  of  two  different  diameters  (8  and  12  mm  French).
he  authors  studied  two  groups  through  macroscopic,  his-
ological,  tomographic,  and  bacteriological  analysis  at  one,
wo,  and  four  weeks  (Table  5).
Table  5  Incidence  of  rhinosinusitis  in  the  groups  of  the
study  by  Cetin  et  al.  (2002).
Group  I:  catheter  12  Fr.  8  RS  (+)/1RS  (−)
Group  II:  catheter  8  Fr.  5  RS  (+)/4  RS  (−)
RS, rhinosinusitis; Fr., French.Group III:  A.  fumigates  +  sinus  occlusion RS  (+)  57%
RS, rhinosinusitis.
Escherichia  coli  was  the  most  commonly  found  microor-
anism  in  the  ﬁrst  week,  but  other  pathogens,  such  as  P.
eruginosa, Proteus  sp.,  and  Enterococcus  sp.,  appeared
n  subsequent  weeks.  Macroscopic  ﬁndings  were  correlated
ith  computed  tomography  (CT)  ﬁndings  in  all  cases.  High
ates  of  a  severe  inﬂammatory  response  were  observed  with
he  rhinogenic  model.  The  number  of  positive  samples  was
reater  with  the  larger  diameter  catheter.
Dufour  et  al.14 tried  to  induce  the  development  of  fun-
al  sinusitis  in  the  maxillary  sinus,  by  the  inoculation  of
spergillus  fumigatus  into  three  groups  of  animals.  In  Group
 (n  =  10),  only  the  fungus  was  inoculated;  in  Group  II (n  =  10),
ucosal  damage  was  induced  and  the  fungus  was  inoculated
n  the  injured  area;  and  in  Group  III  (n  =  17),  the  fungus  was
noculated  and  the  drainage  ostium  was  occluded  (Table  6).
The  evaluation  was  performed  through  bacteriological,
ycological,  endoscopic,  and  histological  analysis  30  days
fter  the  initial  procedure.  Samples  inoculated  with  fungus
lone  did  not  show  the  same  results  of  the  inoculated  sam-
les  that  were  submitted  to  mucosal  injury  or  sinusal  ostium
cclusion,  which  showed  positivity  rates  of  20%  and  57%,
espectively.
Costa  et  al.5 studied  four  groups  of  rabbits,  each  with  ﬁve
ubjects.  Procedures  were  performed  to  elicit  an  inﬂam-
atory  response  in  one  of  the  maxillary  sinuses,  and  the
ontralateral  sinus  was  used  as  a  control.  In  Group  I,  a  sec-
ion  of  sponge  bath  was  introduced  into  the  nasal  cavity;
n  Group  II,  cyanoacrylate  was  instilled  in  the  infundibu-
um  for  occlusion  of  the  maxillary  sinus  ostium;  in  Group  III,
he  peripheral  blood  of  the  animal  itself  was  percutaneously
anipulated  in  the  maxillary  sinus;  and  in  Group  IV,  a  prepa-
ation  of  staphylococcal  and  streptococcal  toxoid  was  used
Table  7).
After  15  days,  the  presence  of  histological  signs  of  inﬂam-
ation  was  assessed.  Signiﬁcant  results  were  observed  in
ll  groups,  except  the  control,  but  the  most  intense  inﬂam-
ation  was  found  in  the  samples  submitted  to  sponge  bath
ntroduction  into  the  nasal  cavity.
Liang  et  al.15 introduced  Merocel® sponge  (Medtronic,Table  7  Incidence  of  rhinosinusitis  in  the  groups  of  the
study by  Costa  et  al.  (2007).
Group  I:  bath  sponge  RS  (+)/intense  inﬂammation
Group II:  cyanoacrylate  RS  (+)/moderate  inﬂammation
Group  III:  peripheral  blood  RS  (+)/slight  inﬂammation
Group  IV:  toxoids  RS  (+)/slight  inﬂammation
Maxillary  sinuses  --  controls  RS  (−)
RS, rhinosinusitis.
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Table  8  Incidence  of  rhinosinusitis  in  the  groups  of  the
study  by  Liang  et  al.  (2008).
Group  I:  Merocel® RS  (+)  50%
Group II:  Merocel® +  PMA  RS  (+)  60--70%
Control group:  contralateral RS  (+)  16%
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PMA, phorbol myristate acetate.
side  was  left  unaltered  as  a  control.  In  Group  II,  the  same
protocol  was  performed  after  each  nasal  cavity  had  been
treated  with  phorbol  myristate  acetate  (PMA),  a  biologically
active  compound  capable  of  activating  protein  kinase  C  and
altering  cell  permeability.  The  authors  used  macroscopic,
endoscopic,  CTm  and  microbiological  analysis  at  12  and  16
weeks  (Table  8).
The  presence  of  Merocel® induced  signs  of  an  inﬂamma-
tory  response  in  50%  of  samples  that  received  no  PMA  and
up  to  70%  of  those  that  received  it.  Only  16%  of  the  con-
trol  paranasal  sinuses  showed  an  inﬂammatory  response.
Between  the  12th  and  16th  weeks,  the  authors  initiated
treatment  with  intravenous  ceftriaxone  randomized  to  half
of  the  rabbits  showing  signs  of  rhinosinusitis.  Those  that
received  treatment  showed  signs  of  resolution  of  the  clinical
picture  compared  to  those  that  did  not  receive  ceftriaxone
(p  =  0.00043),  demonstrating  treatment  efﬁcacy.
Sejima  et  al.16 evaluated  four  groups  of  animals  and  pro-
posed  a  model  for  induction  of  eosinophilic  polyps.  Group  A
was  a  control  group  and  consisted  of  four  rabbits  (n  =  4),
whereas  Groups  B--D  had  six  rabbits  each.  In  that  study,
the  rabbits  from  Groups  B--D  were  sensitized  by  subcuta-
neous  injection  of  ovalbumin  (OVA)  on  days  0  and  7;  on  day
14,  they  were  submitted  to  a  surgical  procedure  to  occlude
the  drainage  ostium  of  the  maxillary  sinus.  Two  weeks  after
obstruction  of  the  ostium,  they  once  more  received  oval-
bumin  directly  into  the  maxillary  sinuses,  three  times  a
week  for  two  weeks,  followed  by  injection  of  saline  solution
in  Group  B;  saline  with  40  g/mL  of  valine-glycine-serine-
glutamic  acid  (VGSG)  was  injected  in  Group  C;  and  saline
solution  with  poly-l-arginine  (PLA)  was  injected  in  Group  D,
all  three  times  a  week  for  four  weeks  (Table  9).
Twenty-four  hours  after  the  last  administration  of
polyp-inducing  agents,  the  rabbits  were  euthanized  for
histopathological  assessment  of  the  left  maxillary  sinus
mucosa  using  hematoxylin  and  eosin;  the  right  maxillary
sinus  mucosa  was  subjected  to  genetic  assessment.  It
was  observed  that  Groups  A  and  B  did  not  exhibit  polyp
Table  9  Incidence  of  rhinosinusitis  in  the  groups  of  the
study  by  Sejima  et  al.  (2010).
Group  A:  control  Polyp  0%
Group B:  sensitization
(OVA)  +  saline  solution
Polyp  0%
Group C:  sensitization
(OVA)  +  VGSG
Polyp  33%
Group D:  sensitization
(OVA)  +  PLA
Polyp  50%
OVA, ovalbumin; VGSG, valine-glycine-serine-glutamic acid;
PLA, poly-l-arginine.
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ormation;  large  polyps  were  observed  in  two  of  the  six
abbits  in  Group  C,  and  middle-sized  polyps  were  observed
n  three  rabbits  from  Group  D.
Groups  C  and  D  showed  a signiﬁcantly  increased  number
f  eosinophils  in  the  mucosa  with  Group  D  exhibiting  more
osinophils  than  Group  C.  A  thickened  lamina  propria  of  the
nimals  in  Group  D  compared  to  Groups  A  and  B  was  also
oted,  but  it  was  not  signiﬁcantly  different  than  that  of  the
nimals  of  Group  C.  Thus,  the  authors  created  an  experimen-
al  model  for  induction  of  eosinophilic  polyps  that  may  be
ppropriate  for  the  study  of  chronic  rhinosinusitis  in  humans.
iscussion
he  current  difﬁculty  in  understanding  the  pathophysiology
f  chronic  rhinosinusitis  is  evident.  Potential  pathological
gents  and  several  other  causal  factors  are  described  in  the
iterature  every  day,  making  the  study  of  new  therapeu-
ic  alternatives  crucial.  Studies  on  new  drugs  are  extremely
mportant  and  need  reliable  experimental  models.
The  analysis  of  some  of  the  main  studies  on  experimental
odels  published  over  the  years  allowed  us  to  make  sev-
ral  observations.  Perhaps  due  to  the  technical  difﬁculties
nherent  in  the  long-term  animals  research,  most  of  these
tudies  present  models  of  acute  rhinosinusitis,  and  only  the
tudy  by  Sejima  et  al.16 for  the  induction  of  eosinophilic
olyps  in  maxillary  sinus  of  rabbits  had  a  longer  time  frame.
owever,  their  methodology  was  extremely  difﬁcult  and  the
uthors  used  only  a  small  number  of  animals  in  the  groups
hat  successfully  induced  polyp  formation.
The  analysis  also  discovered  only  two  main  alternatives
o  induce  sinusitis  in  rabbits,  each  with  its  advantages  and
isadvantages.  The  ﬁrst  consisted  of  introducing  cultures  of
acteria,  fungi,  or  other  inducing  agents  in  the  paranasal
inuses  by  percutaneous  injection,  or  through  a  surgical  pro-
edure  with  the  opening  and  exposure  of  the  mucosa  and
ubsequent  inoculation  of  infectious  agents.  In  some  cases,
his  procedure  was  associated  with  occlusion  of  the  drainage
stium  of  the  paranasal  sinuses.
The  occlusion  of  sinuses  inoculated  with  bacteria  or  fungi
as  a superior  method  compared  to  the  isolated  pathogen
noculation,10,12,14 therefore  conﬁrming  that  alterations  of
he  nasal  fossa  and  its  communication  with  the  paranasal
inuses  have  a  decisive  role  in  the  origin  of  rhinosinusitis.
The  studies  that  performed  early  analyses,  such  as  the
tudy  by  Hinni,11 did  not  clearly  demonstrate  the  superior-
ty  of  a  particular  method  of  sinus  occlusion.  Perhaps  the
rocesses  that  characterize  the  development  of  rhinosinusi-
is  in  occluded  sinuses  require  a  longer  time  of  exposure  to
he  stimulus.
The  second  method,  termed  ‘‘rhinogenic  rhinosinusitis’’,
s  generated  by  the  introduction  of  foreign  bodies  in  the
asal  cavities  of  rabbits.  This  method,  as  it  routinely  occurs
ith  foreign  bodies  in  the  nasal  cavities  of  children,  was
esponsible  for  the  appearance  of  abundant  purulent  rhinor-
hea  in  most  samples  in  the  evaluated  studies.  Obstruction  of
he  nasal  cavity  and  formation  of  purulent  secretion  resulted
n  nasal  sinus  involvement.5,12,13,15
Bath  sponges,  fragments  of  polyvinyl,  cyanoacrylate,  and
ven  Merocel® catheters  were  among  the  materials  used.
hey  were  positioned  in  many  different  ways,  both  with
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otal  occlusion  of  the  nasal  cavity,  as  well  as  placement
estricted  to  the  infundibular  region.  Foreign  bodies  were
ighly  effective  in  inducing  the  onset  of  signs  of  inﬂamma-
ion  and  rhinosinusitis.
Both  methods  propose  an  intervention  in  sinonasal  phys-
ology  of  rabbits,  but  the  rhinogenic  model  was  shown  to
e  more  practical  and  easier  to  perform.  The  high  response
ates  with  intense  inﬂammation5 suggest  a  high  reproducibil-
ty  of  the  method,  a  very  desirable  factor  in  experimental
odels.
Standardization  of  the  technique  to  introduce  the  for-
ign  material,  as  well  as  the  dimensions  and  the  exposure
ime,  are  the  next  steps  to  be  taken  in  order  to  attain  a  reli-
ble  and  easily  reproducible  experimental  model;  this  will
acilitate  important  advances  in  rhinosinusitis  research  and
etter  comparison  parameters  between  studies.
The  removal  of  material  from  the  rabbit  maxillary  sinus
or  post-study  examination  is  a  simple  procedure,  espe-
ially  with  the  use  of  decalciﬁcation  and  parafﬁn-block
mbedding.16 The  rhinogenic  method  reversibility  proce-
ure  performed  by  Liang  et  al.15 presents  the  possibility  of
sing  it  to  study  new  drugs.
The  model  of  pathogen  introduction  and  complemen-
ary  procedures,  such  as  mucosal  lesions  or  occlusion  of
rainage  ostia,  has  the  advantage  of  allowing  the  study  of
peciﬁc  pathogens.  However,  the  need  for  surgical  viola-
ion  of  the  sinuses  to  introduce  the  pathogens  constitutes
 major  disadvantage,  since  it  can  inﬂuence  inﬂammatory
esponse-inducing  factors.  The  rhinogenic  models  (intro-
uction  of  foreign  bodies  into  the  nasal  cavities)  are  less
xpensive,  require  less  complex  laboratory  facilities,  and
o  not  depend  on  invasive  procedures  to  be  performed.
oreover,  they  are  more  easily  implemented  and  are  highly
eproducible.
onclusion
o  date,  there  is  no  ideal  experimental  model  to  induce
cute  or  chronic  rhinosinusitis  in  rabbits,  but  the  rhinogenic
odel  appears  to  be  the  most  viable  proposal  for  the  con-
inuation  of  studies  on  the  disease,  based  on  our  literature
eview.onﬂicts of interest
he  authors  declare  no  conﬂicts  of  interest.
1Perez  AC  et  al.
eferences
1. Benninger MS, Ferguson BJ, Hadley JA, Hamilos DL, Jacobs M,
Kennedy DW, et al. Adult chronic rhinosinusitis: deﬁnitions,
diagnosis, epidemiology, and pathophysiology. Otolaryngol Head
Neck Surg. 2003;129:S1--32.
2. Bhattacharyya N. The economic burden and symptom man-
ifestations of chronic rhinosinusitis. Am J Rhinol. 2003;17:
27--32.
3. Fokkens W, Lund V, Mullol J, European Position Paper on
Rhinosinusitis and Nasal Polyps group. European position
paper on rhinosinusitis and nasal polyps 2007. Rhinol Suppl.
2007;20:1--136.
4. Voegels RL, de Melo Padua FG. Expression of interleukins in
patients with nasal polyposis. Otolaryngol Head Neck Surg.
2005;132:613--9.
5. Costa HO, Ruschi e Luchi GE, Augusto AG, Castro M, de Souza
FC. Comparative study of several sinusitis experimental mod-
elling techniques in rabbits. Braz J Otorhinolaryngol. 2007;73:
627--31.
6. Schenkel EP, Simões CMO, Mengue SS, Mentz LA, Irgang BE,
Stehmann JR. O espac¸o das plantas medicinais e suas formas
derivadas na medicina cientíﬁca. Cad Farm. 1985;1:65--72.
7. Krouse JH, Krouse HJ. Patient use of traditional and comple-
mentary therapies in treating rhinosinusitis before consulting
an otolaryngologist. Laryngoscope. 1999;109:1223--7.
8. Hilding AC. Experimental sinus surgery: effects of opera-
tive windows on normal sinuses. Ann Otol Rhinol Laryngol.
1941;50:379--92.
9. Maeyama T. A study of experimental sinusitis in rabbits. Auris
Nasus Larynx. 1981;8:87--97.
0. Drettner B, Johansson P, Kumlien J. Experimental acute sinus-
itis in rabbit. A study of mucosal blood ﬂow. Acta Otolaryngol.
1987;103:432--4.
1. Hinni ML, McCaffrey TV, Kasperbauer JL. Early mucosal
changes in experimental sinusitis. Otolaryngol Head Neck Surg.
1992;107:537--48.
2. Marks SC. Acute sinusitis in the rabbit: a new rhinogenic model.
Laryngoscope. 1997;107:1579--85.
3. Cetin CB, Kara CO, Colakoglu N, Sengul M, Pinar HS. Exper-
imental sinusitis in nasally catheterised rabbits. Rhinology.
2002;40:154--8.
4. Dufour X, Kauffmann-Lacroix C, Goujon JM, Grollier G, Rodier
MH, Klossek JM. Experimental model of fungal sinusitis: a pilot
study in rabbits. Ann Otol Rhinol Laryngol. 2005;114:167--72.
5. Liang KL, Jiang RS, Wang J, Shiao JY, Su MC, Hsin CH, et al.
Developing a rabbit model of rhinogenic chronic rhinosinusitis.
Laryngoscope. 2008;118:1076--81.
6. Sejima T, Kajiwara D, Kikuchi H, Imayoshi S, Yamauchi T,
Ichimura K. Experimentally induced eosinophilic polyps in rabbit
sinuses. Am J Rhinol Allergy. 2010;24:341--7.
